We compute the modified factorization contributions to the Λ → N ρ and Σ → N ρ couplings and demonstrate that these contributions naturally include ∆I = 3/2 terms which are comparable (≃ 0.4 to −0.8 times) in magnitude to the corresponding ∆I = 1/2 terms. As a consequence, we conclude that models which treat vector meson exchange contributions to the weak conversion process ΛN → N N assuming such weak couplings to satisfy the ∆I = 1/2 rule are unlikely to be reliable. 12.15. Ji, 13.75.Ev, 21.45.+v, 21.80.+a, 24.85.+p Typeset using REVT E X
The ∆I = 1/2 rule is a prominent feature of observed ∆S = 1 non-leptonic weak interactions (K decay and hyperon decay). Not only is the ratio of ∆I = 1/2 to ∆I = 3/2 amplitudes considerably enhanced over that of the corresponding un-QCD-modified operator strengths, but also the non-leptonic decays completely dominate semi-leptonic decay modes, indicating a significant enhancement of the ∆I = 1/2 amplitudes. As a consequence of this observation, it has become conventional, in the absence of other evidence, to assume the validity of the ∆I = 1/2 rule for all ∆S = 1 non-leptonic weak interactions. In particular, in the meson-exchange treatment of ΛN → NN it has been assumed that the relevant weak baryon-meson couplings satisfy the rule. In the case of the π couplings, this is known empirically, from hyperon decay, to be a valid assumption, but no similar experimental support exists for the assumption that vector meson couplings satisfy the rule. In this note we argue that, for the latter couplings, one may indeed expect significant violations of the ∆I = 1/2 rule. We base this statement on an evaluation of factorization contributions to the couplings and show below how, for such contributions, the structure of QCD modifications to the weak interactions are such as to naturally distinguish the pseudoscalar and vector cases.
As is well-known, the effects of QCD on the ∆S = 1 non-leptonic interactions can be taken into account perturbatively, down to a scale ≃ 1 GeV where the strong interactions begin to become truly strong [1] [2] [3] [4] . One obtains, for the effective ∆S = 1 non-leptonic
where the operators, O i , have the form
and the coefficients, c i , are scale-dependent and calculable perturbatively. The operators not accounted for by this modification, however, must be associated with specific dynamics in the matrix elements of the operators. In the case of K decay, it seems likely that a significant portion of this dynamical enhancement is associated with final state interactions (FSI), the ∆I = 1/2 operators leading to the attractive I = 0 ππ s-wave final state, the ∆I = 3/2 operator to the replusive I = 2 state [5] [6] [7] . A similar explanation is not, however, tenable for hyperon decays, since, at least for Λ and Σ , the final state phases are known to be small. An old idea [8] which provides an attractive (if qualitative) alternative for these decays, is based on the observation that there are large enhancements of the penguin operator matrix elements in what is usually called the factorization approximation, these enhancements resulting from the different, LR, chiral structure of these operators. We briefly describe this approximation below.
In the approximation that FSI may be neglected, one may separate the graphs contribut- what follows we will be treating weak vector meson couplings for which, as we will see below, the factorization contributions of the penguin operators vanish. We will then see that the remaining factorization contributions involve large violations of the ∆I = 1/2 rule and, in light of the above discussion, argue that one should, therefore, expect some portion of this violation to survive in the total couplings.
Let us turn to the evaluation of the factorization contributions to the weak ΛNρ and
ΣNρ couplings (the corresponding contributions to both ΛNω and ΣNω couplings are small and, even for ΣNω, satisfy the ∆I = 1/2 rule, so we will not discuss them further). We employ the effective weak Hamiltonian of Eqs. (1), (2) We define the effective weak couplings via
where
µ is the ρ polarization vector, and the baryon transition form factors
where we have dropped the 2 nd class current form factors, f 3 and g 2 in Eq. (4). In using Eq. (4) below, we will assume that f 1 and f 2 are given by their CVC values, and take g 1 /f 1 from hyperon semi-leptonic decay data [11] . g 3 does not enter the expressions for the factorization contributions to the couplings due to the transversality of the ρ polarization vector. Defining the ρ decay constant, f ρ , by
we then obtain for the factorization contributions to the Λ → pρ − couplings
with
where G F , θ c are the Fermi constant and Cabibbo angle, respectively, and f 
One finds similarly, for the factorization contributions to the Σ − → nρ − couplings,
where, from CVC, f
(0) = −1.86 (compatible with experiment [11] ) and, from experiment, g
(0) = 0.34 [11] . From the form of the operators
, one sees that there are no terms containing simultaneously both aū and d field, and hence both the ∆I = 1/2 and ∆I = 3/2 factorization contributions to the Σ + → nρ + couplings vanish. This reduces the number of independent reduced matrix elements for both the ∆I = 1/2 and ∆I = 3/2 operators from two to one, and one may then show that the ∆I = 1/2 factorization contributions to the ΣNρ couplings are in the ratios 1 :
and the ∆I = 3/2 contributions in the ratios 1 : − √ 2 : From the expressions (6), (8), (9), and the discussion below Eq. (9), we see that the relative strength of the ∆I = 1/2 to ∆I = 3/2 contributions to the weak couplings is determined, in all cases, by the factor [− Table I . The ratios reflect the strong violation of the ∆I = 1/2 rule discussed above. This violation will, however, be reflected in the full couplings only if the factorization contributions represent a moderate to sizable fraction of the full couplings. To see whether or not this is likely to be the case, we consider two existing models which have made predictions for the ΛNρ (though not the ΣNρ) couplings [12, 13] . In Table II we compare the factorization contributions to the Λ → pρ − couplings obtained above with the values obtained in the models of Refs. [12, 13] (adjusted to Particle Data Group conventions for γ 5 ). We will return to a brief discussion of the models below, . Also, as we will discuss below, there are significant uncertainties in the model predictions. From Table II it thus appears to us extremely unlikely that one can ignore the ∆I = 3/2 components of the ΛNρ and ΣNρ couplings.
A few words are in order concerning the models of Refs. [12, 13] which we have used to gauge the potential importance of the factorization contributions. The model of Ref.
[12] provides the framework for the weak couplings of the meson-exchange treatment of ΛN → NN employed by Dubach et al. [14] . Here the parity violating (PV) g in Ref. [13] are negligible, but this is not true of the corresponding contributions to f w 2 .
Finally, the K * pole contributions are obtained using VDM plus SU(3) F arguments for the strong K * couplings and a factorization treatment, which keeps only the O 1 , O 2 terms of H ef f and drops the Fierz-rearranged contributions, for the K * − ρ weak transition. This is, in fact, a rather suspect way to treat factorization contributions, even if they were expected to represent well the full coupling. Indeed, if one keeps all terms in H ef f , one finds the same linear combinations of the c i occuring for the charged and neutral K * − ρ mixing terms as occur for the charged and neutral ρ weak couplings above; i.e., there is very significant breaking of the ∆I = 1/2 rule for the K * pole terms.
As can be seen from the discussion above, there are many assumptions and approximations which enter the models of Refs. [12, 13] . As such, the model values for the weak couplings quoted in Table II + * baryon pole terms of Ref. [13] , completely absent in Ref.
[12] , contribute ≃ 1/3 of the quoted f 
